Purpose The aim of this study was to evaluate the long-term results of arthroscopic excision of pigmented villonodular synovitis (PVNS) of the knee joint. Methods We retrospectively assessed the results of arthroscopic excision of PVNS done in 40 patients from 1987 to 2012 by the senior author (JVS). No radiotherapy was given to any patient. All patients were followed for a mean of seven years. At follow-up functional assessment was done using the Lysholm score. Recurrence-free survival and recurrence-free survival probability were calculated. Results No recurrence was noted in the localised variety. In the diffuse variety the five year recurrence-free survival probability was 57 %. Twelve patients developed recurrences between three months and two years. No recurrence was noted after two years. The mean recurrence interval was 6.25 months. Conclusions We concluded from this series that arthroscopic excision is an effective treatment for localised as well as diffuse PVNS. Recurrences can also be successfully dealt with by arthroscopic excision with excellent functional outcome.
Introduction
Pigmented villonodular synovitis (PVNS) is a rare benign disease of the synovial membrane which is characterised by hypervascular neoplastic proliferation of the synovium with deposition of macrophages, multinucleated giant cells and hemosiderin. Haemosiderin deposition gives the typical brown appearance of the synovium seen at arthroscopy ( Fig. 1-a, b) . The term PVNS was coined by Jaffe et al. [1] who described it as a disease affecting joints, tendon sheath and bursae. Depending on the extent of synovial involvement two growth patterns of PVNS have been described, a localised form affecting a specific region of the joint and a diffuse form which affects a large portion of the synovial membrane [2] . Usually it is a monoarticular disease of people in their third and fourth decade. The knee joint is the most commonly involved joint followed by hip and ankle joints [3] . A yearly incidence of 1.8 cases per million population with arthroscopic incidence of one in 250 cases has been reported [4] .
The aetiology of this disease is uncertain but the presence of aneuploidy and trisomy 7 in many diseased synovial cells indicates a neoplastic origin. Centrifugal growth patterns and ability to erode surroundings and DNA flow cytometry also support this view [5] . Around 20 cases of malignant transformation and metastases have been reported so far in the English literature [6] . Extensive involvement of surrounding structures including muscles, bone and skin and a multifocal variety involving several joints [7] have also been reported. Perka et al. [8] have suggested localised PVNS as reactive granuloma and generalised PVNS as neoplastic disease.
Patients usually present with swelling and decreased range of motion. A mechanical symptom like locking and catching mimicking a meniscal tear are common in the localised variety. Pain is not usually a complaint. Patients may not seek treatment for years due to vague symptoms. X-ray of the knee frequently shows features of advanced osteoarthritis with soft tissue swelling about the joint. Erosion and subchondral cysts are more common in PVNS of hip and ankle joints in comparison to the more spacious knee joint. Magnetic resonance imaging (MRI) is helpful in differentiating PVNS from other synovial diseases. On MRI it is typically seen as a synovial mass that displays low signal intensity on T1-and T2-weighted pulse sequences. Foci of brighter T1 and T2 signals indicate a relatively low concentration of hemosiderin [11] .
The diagnosis of PVNS is confirmed by histopathology. On the basis of common histopathological features of the localised nodular and diffuse varieties, Rao and Vigorita [9] have proposed a common histogenesis. However, invasiveness, aneuploidy, high recurrence rate, chromosomal abnormalities, malignant transformation and metastases suggest generalised PVNS as a distinct variety [8] . In this paper we present a retrospective review of 40 cases of PVNS of the knee joint to assess the result of arthroscopic excision as a sole treatment of this rare disease.
Materials and methods
This study included 40 histopathology-proven cases of PVNS (Table 1) , arthroscopically treated by the senior author (JVS) during 25 years from June 1987 to August 2012. In 15,000 cases of knee arthroscopy done by him for various causes, PVNS was found in only 40 cases amounting to an incidence of 0.26 %; 31 patients were male and nine were female. The average age of the patients was 44 years (range 21-76 years); 18 cases involved the right knee and 22 the left, and 11 cases were of the localised variety and 29 cases were diffuse. The average follow-up was seven years (range two to ten years). One case was lost to follow-up. In all patients after clinical examination X-ray and MRI of the involved joint were done to rule out more common diagnoses. Laboratory investigations including synovial fluid examination were not conclusive. In almost all patients synovial fluid was blood stained. Routine haematological and biochemical investigations were normal.
The diagnosis was confirmed after arthroscopy and histopathological examination of the shaved synovium. We routinely performed arthroscopic synovectomy in the diffuse variety with five portals, anteromedial, anterolateral, high anteromedial, high anterolateral and posteromedial. Rarely a posterolateral portal was needed to complete the synovectomy. Localised cases were amenable to excision by routine anteromedial and anterolateral portals. No macroscopic tumour was left after synovectomy in all cases. In the post-operative period our rehabilitation protocol included early full weight-bearing walking, quadriceps and hamstring building exercises and cycling. Post-operative radiotherapy was not given to any patient. Patients were followed up at monthly intervals for six months and then three and six monthly. At every visit patients were examined for pain, swelling due to effusion and range of motion. Recurrences were diagnosed on the basis of clinical and MRI findings. Functional scoring was done using the Lysholm knee score. It is a simple scoring system consisting of limp, use of cane/crutches, locking sensation in the knee, giving way sensation of the knee, pain, swelling, ability to squat and climb stairs. Kaplan-Meier life table analysis was done to determine local recurrence-free survival. We received Ethics Committee approval for the publication of the study.
Results
Initially most of the patients were diagnosed as having traumatic or tubercular synovitis, osteoarthritis and meniscal tear. The duration of symptoms was three months to five years. MRI was convincing in most patients with the diffuse variety about neoplastic pathology especially with gadolinium enhancement. In the localised variety it was helpful to rule out other pathological conditions like meniscal tear. Effusion due to blood in the synovial fluid was invariably present in all cases. There were no complications of postoperative infection, neurovascular damage, deep venous thrombosis (DVT) or wound healing. Twelve patients developed recurrences in the 1st year after surgery between three and 12 months. Five patients developed their second recurrence between 14 and 18 months and two patients had their third recurrence in the 24th month. No recurrence was noted after two years and all recurrences were treated by arthroscopic resynovectomy. No apparent progression of osteoarthritic changes was noted on imaging in follow-ups. Localised masses were either pedunculated or embedded but distinct from the surrounding synovium (Fig. 2a, b) . Small pedunculated masses were free to move in the joint causing symptoms of locking and catching mimicking a meniscal tear. In the diffuse variety brownish pigmentation with freely movable finger-like filiform villi without any evidence of coalescence were classic for PVNS. The smallest size tumour was an embedded 3×2 cm mass (Fig. 2c) . In our series around 64 % of nodular PVNS were localised to the suprapatellar pouch ( Table 2 ). The diagnosis was confirmed by histopathological features in all cases. Both diffuse and localised varieties had similar histological features. Villous hypertrophy of the synovial lining and subsynovial foci of multinucleated giant cells with intermixed foam cells, round cells and pearls positive pigment were characteristic features.
Recurrence-free survival probability was 69 % at the end of one year and 82 % between 12 and 24 months. Overall five year recurrence-free survival probability was 57 % (0.69×0.82). No recurrence was seen in the localised variety up to the latest follow-up. This finding was also consistent with results reported by other authors [2, 20] . Kaplan-Meier life table analysis (Fig. 3 ) was done to determine local recurrence-free survival.
Discussion
Cases of PVNS are presented because of their rarity. Most of the published studies are on PVNS of the knee joint as it is the most commonly involved joint and also recurrences are more common in the knee as compared to other joints [25] . The majority of patients have vague signs and symptoms so arthroscopy is both diagnostic and therapeutic. Diagnosis based on synovial fluid examination has been proposed by [13] , synovectomy and arthroplasty [14] , low-dose external beam radiotherapy [15] and imatinib therapy [16] etc. Synovectomy is the mainstay of the treatment. External beam radiotherapy or intra-articular yttrium-90 is usually combined with surgical excision to prevent recurrences [17, 18, 19] . Many authors have proved the efficacy of arthroscopic synovectomy in both localised and diffuse PVNS [20, 21] . To reduce the recurrence rate, excision of diseased synovium from the posterior compartment is important. We routinely made a posteromedial portal to address it. Synovial shavers and radiofrequency ablation are very useful in removal of diseased synovium (Fig. 4a, b) . The main benefit of arthroscopic synovectomy over open synovectomy is low post-operative morbidity. Open synovectomy produces pain and stiffness. Long-term side effects of radiotherapy for soft tissue tumours including the secondary cancer are well known.
Although factors that can predict recurrences have not been established [17] the diffuse variety and residual disease due to subtotal synovectomy are the well-known factors responsible for recurrences. In this study we found recurrences can be dealt with by arthroscopic synovectomy as successfully as the Fig. 2 a- index surgery and also with low morbidity. In many published studies recurrence rates of arthroscopic synovectomy were as high as 50-60 % [22, 23] . Our 1st year survival rate was 69 %. A long follow-up is required to study the recurrences as they have been reported as long as 17 years after surgery [24] . Schwartz et al. reported a median recurrence interval of five years after index surgery [25] . In contrast to these studies the mean recurrence interval in our series is 6.25 months. The strength and distinguishing features of our study are adequate sample size and only one modality of treatment (arthroscopic excision for both primary disease and recurrences) for this rare disease with seven year follow-up. The conclusion derived from this series is that in the hands of an experienced arthroscopic surgeon, arthroscopic excision gives results as good as open synovectomy and recurrences can also be managed with a good success rate with low morbidity. Recurrences do not affect the functional outcome. Similar results have also been reported by other authors [21] . Fig. 4 a, b Diffuse PVNS before and after shaving. Synovial shavers produce effective excision if used through different anterior and posterior portals
